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(54) Color registration

(57) Electrophotographic printers have raster output
scanners (27) that correct for polygon facet (126) phas-
ing errors and photoreceptor (10) position errors by aer-
ial scan line adjustments. A photoreceptor position sen-
sor senses the position of the photoreceptor (10) and a
facet position sensor (137) senses the position of the
polygon facets. A scan line position controller (119) pro-
duces a position signal that depends upon the photore-

ceptor position sensor and the facet position sensor
(137). A piezoelectric-actuated lens mover assembly
(118) receives the position signal and moves a pre-pol-
ygon lens (116) to adjust the scan line plane to correct
for any misregistration. The piezoelectric-actuated lens
mover assembly (118) includes a large displacement pi-
ezoelectric element and a flexible arm assembly (210)
that holds the pre-polygon lens (116).
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Description

[0001] This invention relates to electrophotographic
color printers that use raster output scanners. In partic-
ular, it relates to the registration of color images in a sin-
gle pass electrophotographic color printer by controlling
the scan line positions using the raster output scanners.
[0002] Electrophotographic marking is a well-known
method of copying or printing documents. Electropho-
tographic marking is performed by exposing a light im-
age representation of a desired final image onto a sub-
stantially uniformly charged photoreceptor. In response
to that light image the photoreceptor discharges so as
to produce an electrostatic latent image of the desired
image on the photoreceptor's surface. Toner particles
are then deposited onto that latent image so as to form
a toner image. That toner image is then transferred from
the photoreceptor onto a substrate such as a sheet of
paper. The transferred toner image is then fused to the
substrate, usually using heat and/or pressure. The sur-
face of the photoreceptor is then cleaned of residual de-
veloping material and recharged in preparation for the
production of another image.
[0003] The foregoing broadly describes a black and
white electrophotographic marking machine. Electro-
photographic marking can also produce color images by
repeating the above process once for each color of toner
that is used to make the composite color image. For ex-
ample, in one color process, called the REaD IOI proc-
ess (Recharge, Expose, and Develop, Image On Im-
age), a charged photoreceptive surface is exposed to a
light image which represents a first color, say black. The
resulting electrostatic latent image is then developed
with black toner to produce a black toner image. The
recharge, expose, and develop process is repeated for
a second color, say yellow, then for a third color, say
magenta, and finally for a fourth color, say cyan. The
various latent images and consequently the color toners
are placed in a superimposed registration such that a
desired composite color image results. That composite
color image is then transferred and fused onto a sub-
strate.
[0004] The REaD IOI process can be performed in a
various ways. For example, in a single pass printer
wherein the composite image is produced in a single
pass of the photoreceptor through the machine. This re-
quires a charging, an exposing, and a developing station
for each color of toner. Single pass printers are advan-
tageous in that they are relatively fast since a color im-
age is produced during each cycle of the photoreceptor.
[0005] One way of exposing the photoreceptor is to
use a Raster Output Scanner (ROS). A ROS is com-
prised of a laser light source (or sources) and a rotating
polygon having a plurality of mirrored facets. The light
source radiates a laser beam onto the polygon facets.
That beam reflects from the facets and strikes the pho-
toreceptor, producing a light spot. As the polygon rotates
the spot traces lines, referred to as scan lines, on the

photoreceptor. The direction of the sweeping spot is
called the fast scan direction. By moving the photore-
ceptor perpendicular to the fast scan direction, as the
polygon rotates the spot raster scans the photoreceptor.
The direction of motion of the photoreceptor is referred
to either as the slow scan direction or the process direc-
tion. During scanning, the laser beam is modulated to
produce the desired latent image.
[0006] In color electrophotographic printing it is very
important that the various color latent images be accu-
rately registered with each other. By registration it is
meant that the latent images are produced such that
when the various latent images are developed and
transferred that the desired composite image results.
Latent image misregistration causes color errors that
are highly noticeable by the human eye.
[0007] Various factors cause misregistration. For ex-
ample, photoreceptor motion may not be perfect be-
cause vibration, motor backlash, gear train interactions,
mechanical imbalances, and/or friction, among other
factors, can cause the instantaneous position of the
photoreceptor to be less than ideal. Another cause of
misregistration is polygon facet misplacement, also re-
ferred to as phasing errors. Facet misplacement comes
about because it is very difficult to accurately synchro-
nize the rotation of the polygon with the motion of the
photoreceptor. When the photoreceptor is in the proper
position to receive the latent image the polygon facet
that should reflect the laser beam might be ±υ a scan
line off. The result is either a delay or an advance of the
first scan line of a latent image, which causes the re-
maining scan lines to be offset.
[0008] Misregistration in the fast scan direction is usu-
ally reduced by using a start-of-scan sensor in the opti-
cal path. That sensor detects when the sweeping spot
is at a predetermined location. Using that information
the modulation of the laser beam is controlled such that
the latent image starts at the correct place on the pho-
toreceptor. However, misregistration in the slow scan di-
rection is harder to control. One approach is to accu-
rately control the photoreceptor's motion. However, be-
cause of inertia, backlash, and other mechanical motion
problems this is difficult and expensive to do. As previ-
ously noted, misregistration caused by phasing errors
is also very difficult to control.
[0009] Another approach to reducing misregistration
is to use "aerial" image control. In aerial image control
the scan line itself is adjusted to prevent or reduce mis-
registration. For example, US-A-5,287,125 discloses a
raster output scanner that has process direction (slow
scan direction) scan line position control. In that patent
an error feedback circuit senses the position of a moving
photoreceptor. Photoreceptor position errors are used
to produce signals that are applied to a piezoelectric ac-
tuator. The piezoelectric actuator expands or contracts,
moving a pre-polygon lens, which moves the scan line
produced on the photoreceptor so as to correct for pho-
toreceptor motion errors. Additionally, EP-A-0928982
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teaches a mirror moved by a piezoelectric element to
correct for photoreceptor motion errors.
[0010] While the references cited above are useful,
they have their limitations. In US-A-5,287,125 connect-
ing a pre-polygon lens to the piezoelectric actuator such
that the pre-polygon lens accurately tracks rapid expan-
sions and contractions of the actuator, while simultane-
ously providing accurate positioning of the pre-polygon
lens for proper focus, is difficult and expensive. Further-
more, the scan line movers taught in US-A-5,287,125
and in EP-A-0928982 have mechanical factors that limit
the rate at which scan line adjustments can be made.
This prevents them from being used to correct for phas-
ing errors.
[0011] Therefore, a scan line adjustment technique
capable of accurately adjusting the scan line position to
correct for both photoreceptor position errors and for
phasing errors, would be beneficial. Even more benefi-
cial would be such a scan line adjustment technique that
can be implemented at relatively low cost.
[0012] The principles of the present invention provide
for electrophotographic printers that have raster output
scanners that adjust scan line positions to correct for
photoreceptor position errors and for polygon facet
phasing errors.
[0013] An electrophotographic printers according to
the present invention includes a moving photoreceptor,
a photoreceptor position sensor for determining the po-
sition of the photoreceptor, and a raster output scanner
that produces a sweeping laser beam in a scan line
plane that images a scan line on the photoreceptor. The
raster output scanner includes a laser for producing the
laser beam, a pre-polygon lens for focusing that laser
beam; and a rotating, multifaceted polygon for sweeping
the laser beam in the scan plane. The raster output
scanner further includes a facet position sensor that de-
termines the position of the polygon facets and a scan
line control mechanism for adjusting the scan line plane.
The electrophotographic printer further includes a scan
line position controller that receives photoreceptor po-
sition information from the photoreceptor position sen-
sor and facet position information from the facet position
sensor. The scan line position controller produces an
electrical signal that drives the scan line control mech-
anism to adjust the scan line position such that the po-
sition of the scan line on the photoreceptor is compen-
sated for errors in the position of the photoreceptor and
for polygon facet errors.
[0014] The scan line control mechanism is beneficial-
ly comprised of a mounting frame, a large displacement
piezoelectric element attached to the mounting frame,
and a flexible arm assembly having a lens mount that
holds the pre-polygon lens. The flexible arm assembly
includes flexible arms that can flex in the predominate
direction of motion of the piezoelectric element, but that
are substantially rigid in another direction and that resist
rotation. The flexible arm assembly is mounted such that
its flexible arms and the lens mount are biased toward

the piezoelectric element. Electrical signals from the
scan line position controller cause the piezoelectric el-
ement to expand and contract, which, combined with the
bias of the flexible arm assembly, moves the pre-poly-
gon lens, and thus the scan line plane, to compensate
for photoreceptor position errors and for polygon facet
errors.
[0015] Beneficially, the principles of the present in-
vention are used in a single pass electrophotographic
printer to correct for color image misregistration.
[0016] A particular embodiment of the present inven-
tion will now be described with reference to the accom-
panying drawings; in which:-

Figure 1 shows an electrophotographic printing ma-
chine that incorporates the principles of the present
invention;
Figure 2 shows a partial side view of an exposure
station, including a raster output scanner (ROS)
having a piezoelectric-actuated lens mover and a
photoreceptor position sensor, as used in the elec-
trophotographic marking machine shown in Figure
1;
Figure 3 shows a top view of the exposure station
of Figure 2;
Figure 4 illustrates a schematic view of the expo-
sure station of Figure 2, with particular emphasis on
facet detection;
Figure 5 illustrates a piezoelectric-actuated lens
mover that is used in the raster output scanners of
the electrophotographic marking machine shown in
Figure 1; and,
Figure 6 illustrates multiple raster output scanners
in operation raster scanning a photoreceptor to pro-
duce a composite color image.

[0017] Figure 1 illustrates an electrophotographic
printing machine 8 that is in accord with the principles
of the present invention. The printing machine 8 is a sin-
gle pass, Recharge-Expose-and-Develop, Image-on-
Image (Read IOI) printer. However, it is to be understood
that the present invention is applicable to many other
types of systems. Therefore, it is to be understood that
the following description of the printing machine 8 is only
to assist the understanding of the principles of the
present invention. The printing machine 8 includes an
Active Matrix (AMAT) photoreceptor belt 10 which trav-
els in the direction indicated by the arrow 12. Belt travel
is brought about by mounting the photoreceptor belt
about a driven roller 14 and tension rollers 16 and 18,
and then driving the driven roller 14 with a motor 20.
[0018] As the photoreceptor belt travels each part of
it passes through each of the subsequently described
process stations. For convenience, a single section of
the photoreceptor belt, referred to as the image area, is
identified. The image area is that part of the photorecep-
tor belt which is to receive the various actions and toner
layers that produce the final composite color image.
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While the photoreceptor belt may have numerous image
areas, since each image area is processed in the same
way a description of the processing of one image area
suffices to explain the operation of the printing machine
8.
[0019] The imaging process begins with the image ar-
ea passing a "precharge" erase lamp 21 that illuminates
the image area so as to cause any residual charge which
might exist on the image area to be discharged. Such
erase lamps are common in high quality systems and
their use for initial erasure is well known.
[0020] As the photoreceptor belt continues its travel
the image area passes a charging station comprised of
a DC corotron 22. The DC corotron charges the image
area in preparation for exposure to create a latent image
for black toner. For example, the DC corotron might
charge the image area to a substantially uniform poten-
tial of about -500 volts. It should be understood that the
actual charge placed on the photoreceptor will depend
upon many variables, such as the black toner mass that
is to be developed and the settings of the black devel-
opment station (see below).
[0021] After passing the charging station the image
area advances to an exposure station 24A. At the expo-
sure station the charged image area is exposed to a
modulated laser beam 26A from a raster output scanner
27A that raster scans the image area such that an elec-
trostatic latent representation of a black image is pro-
duced. Significantly, the modulation of the laser beam
26A is controlled such that the first scan line of the black
latent image is imaged at a known position on the pho-
toreceptor. A more detailed description of the raster out-
put scanners used in the subject invention is given sub-
sequently.
[0022] Still referring to Figure 1, after passing the ex-
posure station 24A the exposed image area with the
black latent image passes a black development station
32 that advances black toner 34 onto the image area so
as to develop a black toner image. While the black de-
velopment station 32 could be a magnetic brush devel-
oper, a scavengeless developer may be somewhat bet-
ter. One benefit of scavengeless development is that it
does not disturb previously deposited toner layers. Bi-
asing is such as to effect discharged area development
(DAD) of the lower (less negative) of the two voltage lev-
els on the image area. The charged black toner 34 ad-
heres to the exposed areas of the image area, thereby
causing the voltage of the illuminated parts of the image
area to be about -200 volts. The non-illuminated parts
of the image area remain at about -500 volts.
[0023] After passing the black development station 32
the image area advances to a recharging station 36
comprised of a DC corotron 38 and an AC scorotron 40.
The recharging station 36 recharges the image area and
its black toner layer using a technique known as split
recharging. Split recharging is described in US-A-
5,600,430. Briefly, the DC corotron 38 overcharges the
image area to a voltage level greater than that desired

when the image area is recharged, while the AC scoro-
tron 40 reduces that voltage level to that which is de-
sired. Split recharging serves to substantially eliminate
voltage differences between toned areas and untoned
areas and to reduce the level of residual charge remain-
ing on the previously toned areas. This benefits subse-
quent development by different toners.
[0024] The recharged image area with its black toner
layer then advances to an exposure station 24B. There,
a laser beam 26B from a raster output scanner 27B ex-
poses the image area to produce an electrostatic latent
representation of a yellow image. The operation of the
exposure stations is described subsequently.
[0025] The now re-exposed image area then advanc-
es to a yellow development station 46 that deposits yel-
low toner 48 onto the image area. After passing the yel-
low development station the image area advances to a
recharging station 50 where a DC scorotron 52 and an
AC scorotron 54 split recharge the image area.
[0026] An exposure station 24C then exposes the re-
charged image area. A modulated laser beam 26C from
a raster output scanner 27C then exposes the image
area to produce an electrostatic latent representation of
a magenta image. Again, the operation of the exposure
stations is described subsequently.
[0027] After passing the magenta exposure station
the now re-exposed image area advances to a magenta
development station 56 that deposits magenta toner 58
onto the image area. After passing the magenta devel-
opment station the image area advances another re-
charging station 60 where a DC corotron 62 and an AC
scorotron 64 split recharge the image area.
[0028] The recharged image area with its toner layers
then advances to an exposure station 24D. There, a la-
ser beam 26D from a raster output scanner 27D expos-
es the image area to produce an electrostatic latent rep-
resentation of a cyan image. Again, the operation of the
exposure stations is described in more detail subse-
quently.
[0029] After passing the exposure station 24D the re-
exposed image area advances past a cyan develop-
ment station 66 that deposits cyan toner 68 onto the im-
age area. At this time four colors of toner are on the im-
age area, resulting in a composite color image. Howev-
er, the composite color toner image is comprised of in-
dividual toner particles that have charge potentials that
vary widely. Directly transferring such a composite toner
image onto a substrate would result in a degraded final
image. Therefore it is beneficial to prepare the compos-
ite color toner image for transfer.
[0030] To prepare for transfer a pretransfer erase
lamp 72 discharges the image area to produce a rela-
tively low charge level on the image area. The image
area then passes a pretransfer DC scorotron 80 that
performs a pre-transfer charging function. The image ar-
ea continues to advance in the direction 12 past the driv-
en roller 14. A substrate 82 is then placed over the image
area using a sheet feeder (which is not shown). As the
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image area and substrate continue their travel they pass
a transfer corotron 84 that applies positive ions onto the
back of the substrate 82. Those ions attract the nega-
tively charged toner particles onto the substrate.
[0031] As the substrate continues its travel is passes
a detack corotron 86. That corotron neutralizes some of
the charge on the substrate to assist separation of the
substrate from the photoreceptor 10. As the lip of the
substrate 82 moves around the tension roller 18 the lip
separates from the photoreceptor. The substrate is then
directed into a fuser 90 where a heated fuser roller 92
and a pressure roller 94 create a nip through which the
substrate 82 passes. The combination of pressure and
heat at the nip causes the composite color toner image
to fuse into the substrate. After fusing, a chute, not
shown, guides the substrate to a catch tray, also not
shown, for removal by an operator.
[0032] After the substrate 82 is separated from the
photoreceptor belt 10 the image area continues its travel
and passes a preclean erase lamp 98. That lamp neu-
tralizes most of the charge remaining on the photore-
ceptor belt. After passing the preclean erase lamp the
residual toner and/or debris on the photoreceptor is re-
moved at a cleaning station 99. The image area then
passes once again to the precharge erase lamp 21 and
the start of another printing cycle.
[0033] The printer 8 also includes a system controller
101 that controls the overall operation of the printer. The
system controller preferably comprises one or more pro-
grammable microprocessors that operate in accord-
ance with a software program stored in a suitable mem-
ory. Of particular importance to understanding the
present invention is that the system controller synchro-
nizes the operation the printer 8 and provides video in-
formation that is used to modulate the laser beams 26A-
26D.
[0034] Differences between prior art printing ma-
chines and the printing machine 8 most directly relate
to the configuration and operation of the raster output
scanners. Figures 2, 3, and 4 present various views of
a generic raster output scanner 27 as used in the printer
8. A video data network 103 within the controller 101
applied video data to a laser diode 106. In response the
laser diode produces a laser beam 26 that is modulated
according to the video data. As emitted by the laser di-
ode the laser beam 26 is diverging. A spherical lens 114
collimates that diverging beam, which then enters a cy-
lindrical lens 116, which focuses the beam in the slow
scan (process) direction onto a polygon 120 having a
plurality of mirrored facets 126. Referring now specifi-
cally to Figure 2, a piezoelectric actuator assembly 118
moves the cylindrical lens 116 in one plane in response
to signals from a scanline controller circuit 119, which is
also part of the controller 101. The operation of the scan-
line controller circuit is described subsequently.
[0035] Referring now to Figures 2, 3, and 4 as re-
quired, a motor 122 rotates the polygon 120 in a direc-
tion 124. This rotation causes the facets to sweep the

laser beam in a scan plane. The sweeping laser beam
passes through a post-scan optics system 128 that
reconfigures the beam into a circular or elliptical cross-
section and that refocuses that laser beam 26 onto the
surface of the photoreceptor 10. The post-scan optics
also corrects for various problems such as scan non-
linearity (f-theta correction) and wobble (scanner motion
or facet errors). As shown most clearly in Figure 3, the
deflecting laser beam forms a scan line 129 on the pho-
toreceptor 10.
[0036] Referring specifically to Figure 2, the position
of the cylinder lens 116 influences the slow scan (proc-
ess) direction location of the spot, and thus of the scan
line, on the photoreceptor 10. If the cylinder lens is
moved up or down the location of the scan line is moved
in the slow scan direction an amount that depends on
the system's magnification. For example, in one embod-
iment, if the cylinder lens moves 100 microns vertically,
the scan line advances (in the direction 12) on the pho-
toreceptor by 60 microns. Position signals applied to the
piezoelectric actuator assembly 118 by the scanline
controller circuit 119 cause the piezoelectric actuator as-
sembly 118 to move the cylindrical lens 116, and thus
the position of the scan line 129 (see Figure 3). The pi-
ezoelectric actuator assembly is described in more de-
tail below. In the preferred embodiment, the position of
the scan line is adjusted to compensate for photorecep-
tor position errors and for facet position errors.
[0037] Photoreceptor position errors are determined
using a plurality of evenly spaced timing marks 134 on
the photoreceptor 10. A photosensor 137 senses those
timing marks and applies timing signals to the scanline
controller circuit 119. Alternatively, timing signals could
be generated using a shaft encoder mounted on a pho-
toreceptor roller. In either event, the scanline controller
circuit 119 electronically determines when and how
much the photoreceptor's position varies from ideal
(since the photoreceptor should move at a constant rate,
variations from that rate produce photoreceptor position
variations). The scanline controller circuit 119 then de-
termines and applies the correct position signal to the
piezoelectric actuator assembly 118 such that the cylin-
drical lens 116 is moved the proper amount and in the
proper direction to correctly position the scan line on the
photoreceptor. Thus, scan line position errors that result
from photoreceptor position variations are corrected us-
ing aerial control of the scan line position. This is partic-
ularly advantageous when printing in color since by cor-
rectly positioning the scan line produced by each of the
raster output scanners 27A-27D a properly registered
color image can result.
[0038] Facet position errors are also compensated
using aerial control of the scan line position. As men-
tioned in the "Background of the Invention" scan line
misregistration can be a result of phasing errors. That
is, the errors that result from a facet not being in the
correct position to produce a scan line at the proper time.
Using the principles of the present invention a particular
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scan line can be produced either earlier or later than
ideal while the scan line position is adjusted on the pho-
toreceptor by moving the cylindrical lens.
[0039] To determine when a facet is in position to start
a scan line, each raster output scanner system includes
a facet detector. There are many different types of facet
detectors. For example, the motor 122 might include an
optical sensor that outputs a signal at certain times of
its rotation. Another example might be a Hall sensor that
tracks the rotation of the polygon 120. However, the
printing machine 8 uses a start of scan sensor for facet
position detection.
[0040] Figure 4 best illustrates start-of-scan sensor
detection. A receiving end 146 of an optical fiber 148 is
strategically placed in the scan path of the laser beam
26. The collected light flux is guided to a sensor network
150, which is a part of the controller 101. The sensor
network, which includes a light sensitive element, sens-
es the collected light flux and generates a start-of-scan
signal (on a line 151). The start-of-scan signal that is
applied via a line 151 to the scanline controller circuit
119 and to the video data network 103. Based upon the
rate of the start-of-scan signals the scanline controller
circuit 119 determines the rotational velocity of the pol-
ygon. Based upon the occurrence of the start-of-scan
signals the video data network determines the proper
time to apply video data to the laser diode 106.
[0041] Since the scanline controller 119 knows the po-
sition of the photoreceptor and the start-of-scan rate the
scanline controller can determine how far the position
of the photoreceptor will be from ideal when the facet
that is to produce the next scan line creates a start-of-
scan signal. Then, by applying the correct position sig-
nal to the piezoelectric actuator assembly 118 the cylin-
drical lens 116 is moved the proper amount and in the
proper direction to correctly position the scan line on the
photoreceptor.
[0042] It should clearly be understood that piezoelec-
tric actuator assemblies can be used for purposes other
then for compensating for photoreceptor motion and
facet position errors. For example, piezoelectric actua-
tor assemblies can also be used to maintain the scan
line position at a fixed position despite polygon facet de-
fects.
[0043] Figure 5 illustrates a generic piezoelectric ac-
tuator assembly 118 as used in the printer 8. That as-
sembly includes a mounting frame 200, which is bene-
ficially used to also mount a laser diode 106. However,
that is not required and Figure 5 only shows the laser
beam 26. A piezoelectric disk 202 having metal-plated
surfaces is mounted on the mounting frame 200 such
that the one of the metal-plated surfaces connects to the
mounting frame. The mounting frame acts as an elec-
trical ground for the piezoelectric disk (alternatively an
electrical connection can be made to the piezoelectric
disk using a wire). The other metal-plated surface re-
ceives via a wire the motion error signal. The position
signal is applied across the piezoelectric disk so as to

induce that disk to expand and contract.
[0044] One beneficial piezoelectric disk is a high dis-
placement actuator sold as "Rainbow" by Aura Ceram-
ics. Other options include stacking various piezoelectric
disks together.
[0045] Also mounted to the mounting frame 200 is an
arm mount 206. Attached to that mount is a flexible arm
assembly 208. That assembly is comprised of two flex-
ible arms 210 that are flexible in the direction that is nor-
mal to the surface of the mounting frame 200, but that
are rigid in the direction that is parallel to the surface of
the mounting frame. At the end of the flexible arm as-
sembly is a lens holder 212 that holds the pre-polygon
cylinder lens 116. The flexible arm assembly mounts to
the arm mount 206 such that the flexible arms 210 are
biased toward the piezoelectric disk 202. The rigidity of
the flexible arms maintains the cylindrical lens at the
proper focal position relative to the laser diode 30.
Futhermore, the flexibility of the flexible arms enables
the piezoelectric element to control the spot position in
the slow scan (process) direction without rotating or oth-
erwise perturbing the cylinder lens in an undesirable di-
rection. Fundamental mechanical properties of dual
flexure arms allow this motion while minimizing unde-
sired motion of the cylinder lens, including rotation about
and translation along the axis formed by the laser beam
path or the axis which defines the cylinder lens curved
surface.
[0046] The printer 8 incorporates aerial control of the
scan line position. This is highly advantageous in a color
printer since the registration of the individual latent im-
ages is simplified. Figure 6 illustrates such registration.
As explained above, raster output scanner 24A produc-
es a first latent image on the photoreceptor 10. When
the photoreceptor 10 advances in the direction 12 the
image area passes the raster output scanner 24B. The
controller 101 controls the piezoelectric actuator assem-
bly 118B such that the second latent image is properly
registered with the first latent image despite facet posi-
tion errors and photoreceptor position errors. As the
photoreceptor 10 continues to advance the controller
101 controls the other piezoelectric actuator assemblies
such that proper registration is achieved.
[0047] It is to be understood that while the figures and
the above description illustrate the present invention,
they are exemplary only. For example, instead of nega-
tively biasing the photoreceptor, a positively biased pho-
toreceptor might be used.

Claims

1. A laser printer, comprising:

a charged photoreceptor moving in a process
direction;

a controller producing video data signals;
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a raster output scanner receiving said video da-
ta signals, said raster output scanner for expos-
ing said charged photoreceptor such that a la-
tent image representation of said video data
signals is produced on said photoreceptor, said
raster output scanner including:

a laser source producing a laser beam that is
modulated in accordance with said video data
signals;

a pre-polygon lens receiving and focusing said
modulated laser beam;

a rotating polygon having a plurality of facets
for reflecting said focused laser beam as a scan
line on said photoreceptor so as to produce a
plurality of output scan lines;

a facet position sensor for sensing the position
of said facets of said polygon; and

a piezoelectric-actuated lens mover assembly
disposed between said laser source and said
rotating polygon, said piezoelectric-actuated
lens mover holding said pre-polygon lens and
moving said pre-polygon lens in response to a
position signal; and

a scanline controller receiving information from
said facet position sensor, said scan line posi-
tion controller for producing said position signal
such that said piezoelectric-actuated lens mov-
er assembly moves said pre-polygon lens such
that a position of said scan line on said photore-
ceptor is corrected for facet position errors.

2. A laser printer according to claim 1, further including
a photoreceptor position sensor for sensing the po-
sition of the photoreceptor; wherein said scanline
controller produces said position signal such that
said piezoelectric-actuated lens mover assembly
moves said pre-polygon lens to correct for photore-
ceptor position errors.

3. A color laser printer, comprising:

a charged photoreceptor moving in a process
direction;

a controller producing a first set of video data
signals that represent a first latent image and a
second set of video data signals that represent
a second latent image;

a position sensor for sensing the position of
said photoreceptor

a first raster output scanner receiving said first
set of video data signals, said first raster output
scanner exposing said charged photoreceptor
such that a first latent image is produced on
said photoreceptor;

a second raster output scanner receiving said
second set of video data signals, said second
raster output scanner for exposing said
charged photoreceptor such that a second la-
tent image is produced on said photoreceptor,
said second raster output scanner including:

a laser source producing a laser beam that is
modulated in accordance with said second set
of video data signals;

a pre-polygon lens receiving and focusing said
modulated laser beam;

a rotating polygon having a plurality of facets
for reflecting said modulated laser beam as a
scan line on said photoreceptor so as to pro-
duce said second latent image;

a facet position sensor for sensing the position
of said facets of said rotating polygon; and

a piezoelectric-actuated lens mover assembly
disposed between said laser source and said
rotating polygon, said piezoelectric-actuated
lens mover holding said pre-polygon lens and
moving said pre-polygon lens in response to a
position signal; and

a scanline controller receiving information from
said facet position sensor and from said posi-
tion sensor, said scan line position controller for
producing said position signal such that said pi-
ezoelectric-actuated lens mover assembly
moves said pre-polygon lens such that second
latent image is registered with said first latent
image.

4. A laser printer according to claim 2 or 3, wherein
said photoreceptor position sensor senses a plural-
ity of timing marks on said photoreceptor.

5. A laser printer according to any one of the preceding
claims, wherein said position signal causes said pi-
ezoelectric element to expand or contract such that
said pre-polygon lens moves.

6. A laser printer according to any one of the preceding
claims, wherein said facet position sensor electrical
signal produces a start-of-scan signal.

7. A laser printer according to any one of the preceding
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claims, wherein said pre-polygon lens is a cylinder
lens.

8. A laser printer according to any one of the preceding
claims, wherein said piezoelectric-actuated lens
mover assembly includes:

a mounting frame;
a piezoelectric element connected to said
mounting frame;
a flexible arm assembly operatively connected
to said mounting frame and having at least two
flexible arms and a lens mount, wherein said
flexible arms can flex in a direction of motion of
the piezoelectric element, wherein said flexible
arms are substantially rigid in another direction,
and wherein said flexible arm assembly is
mounted such that said flexible arms are biased
toward said piezoelectric element; and
a pre-polygon lens attached to said lens mount.

9. A laser printer according to claim 8, wherein said
position signal is applied to said piezoelectric ele-
ment.

10. A laser printer according to claim 9, wherein said
flexible arms can flex in a direction that is substan-
tially perpendicular to said laser beam and wherein
said flexible arms are substantially rigid in a direc-
tion that is substantially parallel to said laser beam.
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